We report the synthesis, structural and magnetic characterization of five mononuclear Dy III ion complexes using triphenylphosphine oxide as a monodentate ligand. 4 Cl 2 ](FeCl 4 ) (5). These complexes are characterized using single crystal X-ray diffraction, which revealed that each complex has a unique coordination environment around the Dy III ion, which results in varying dynamic magnetic behavior. Ab initio calculations are performed to rationalize the observed magnetic behavior and to understand the effect that the ligand and coordination geometry around the Dy III ion has on the single-molecule magnet (SMM) behavior. In recent years, seven coordinate Dy III complexes possessing pseudo~D 5h symmetry are found to yield attractive blocking temperatures for the development of new SMM complexes. However, here we show that the strength of the donor ligand plays a critical role in determining the effective energy barrier and is not simply dependent on the geometry and the symmetry around the Dy III ion. Seven coordinate molecules possessing pseudo D 5h symmetry with strong equatorial ligation and weak axial ligation are found to be inferior, exhibiting no SMM characteristics under zero-field conditions. Thus, this comprehensive study offers insight on improving the blocking temperature of mononuclear SMMs.
Introduction
The magnetic properties of mononuclear lanthanide ion coordination complexes have come to the forefront of research in the field of molecular magnetism due to the observation of slow relaxation of magnetization [1, 2] . Complexes that exhibit this behavior have been termed single-molecule magnets it is possible to isolate several different coordination complexes, each with a unique coordination environment using the TPPO ligand ( Figure 1 ). FeCl 3 was used in the synthesis of 5 in order to isolate a further unique coordination environment, this being the previously reported [Dy III (OPPh 3 ) 5 Cl](FeCl 4 ) 2 complex reported by Wang and co-workers [18] , however, the product of 5 differed from that reported, resulting in a first coordination sphere identical to that of 4, with four TPPO ligands and two chloride ions-[Dy III (OPPh 3 ) 4 Cl 2 ](FeCl 4 ) (5).
Single crystal X-ray analysis revealed that 1-5 are mononuclear complexes ( Figure 1 ). Complexes 1, 3 and 4 crystallize in the monoclinic space groups, P2 1 /n, P2 1 /c and C2/c, respectively. Complex 2 crystallizes in the orthorhombic space group Pccn, while complex 5 crystallizes in the triclinic space group, P-1. The coordination geometry around Dy III ion in 1-5 was examined by SHAPE [19] software (Tables S1 and S2 ). Complex 1 contains three TPPO and three nitrate ligands. The TPPO ligands coordinate via the O-atom, while the three nitrate anions chelate via two of the O-atoms. The O-atoms of the three TPPO ligands and the two O-atoms of one nitrate anion lie in a plane with a distorted pentagonal arrangement, with the two remaining nitrate anions chelating above and below the pentagon. The ion is therefore nine coordinate, with a spherical capped square antiprism geometry (CShM: 1.9). Complex 2 contains four TPPO ligands, with the O-atoms lying in a plane forming a distorted square. The two chelating nitrate anions lie above and below the plane. The Dy III ion is therefore eight coordinate, with a triangular dodecahedron geometry (CShM: 2.5). A non-coordinating nitrate counterion is also present. Complex 3 contains three TPPO and three chloride ions. The Dy III ion is six coordinate, with a distorted octahedral geometry (CShM:~0.6). The three TPPO and chloride ligands each occupy a plane passing through the metal ion, thus giving rise to a meridional arrangement. Complexes 4 and 5 have the same coordination environment (CShM:~0.6), the only difference being 4 has a non-coordinating Cl − counterion, whereas 5 has a non-coordinating (FeCl 4 ) − counterion. Again, the complexes are six coordinate, with distorted octahedral geometries. In these complexes, the TPPO ligands lie in the equatorial plane, with the two chloride ions being axial. The average Dy-O bond lengths for compounds 1-5 are 2.41, 2.33, 2.25, 2.24, and 2.24 Å, respectively. Figure 2 shows a polyhedral representation of the coordination environment around the Dy III ion. The structural results reveal that the coordination environment is different for 1-4. We discuss in the next section the experimental magnetic results (static and dynamic) and how the modifications in coordination environment affect the electronic structure and therefore the magnetic anisotropy. Selected bond lengths are given in Table S3 . The closest intermolecular Dy···Dy contact is found to be 11.04, 11.72, 10.10, 10.60 and 10.45 Å for 1-5, respectively. The closest intermolecular Dy···Fe distance for 5 is 9.929 Å. 
Magnetic Properties
DC magnetic studies have been conducted on compounds 1-5 in a 1 T field in the temperature range of 2-300 K (Figure 3 ). The χ M T products decrease gradually for 1-5 as the temperature is reduced from 300 K to 12.11, 5.56, 5.00, 5.03 and 9.98 cm 3 ·mol −1 ·K at 2 K in a field of 1 T. (1) (2) (3) (4) , with the value for 5 consistent with the presence of a Dy III ion and a non-coordinated {Fe III Cl 4 } − counterion (3d 5 , g = 2, χ M T = 4.375 cm 3 ·mol −1 ·K). The χ M T products are found to decrease upon reducing the temperature for 1-5, which is attributed to depopulation of the m J levels arising from the crystal field levels. The molar magnetization at 2 K for 1-5 do not saturate at 5 T, but rather show an almost linear dependence above 2 T, Figure S1 . The magnitude of the magnetization values is much lower than expected for a free Dy III ion andis characteristic of strong crystal field effects. The magnetization value of 5 is much larger than those of 1-4 due to the paramagnetic Fe III counter ion. Table S8 in the ESI).
Dynamic Magnetic Properties
To investigate the possibility of slow magnetic relaxation, ac magnetic studies have been conducted on compounds 1-5. It is found that the χ M " vs. T plots (fixed frequency) reveal no out-of-phase susceptibility signals in the absence of an applied static dc field, except for a very weak frequency dependence for 3 ( Figure S2 ). It was found, however, upon application of a static, dc field (H dc = 2000 Oe); possible SMM behavior is observed for all the complexes. For 2, 4 and 5 we observe peak tails, with no maximum ( Figure S3 ), whereas frequency dependent maxima are found for 1 and 3 ( Figure S4 ). Fitting the data for 1 and 3 to the Arrhenius law [τ = τ o ·exp(U eff /k B T)] reveals an effective anisotropy barrier to magnetization reversal of U eff = 21.7 ± 0.1 K with τ o = 1.66 ± 0.01 × 10 −7 s (R = 0.99) for 1 and U eff = 20.9 ± 0.1 K with τ o = 1.04 ± 0.01 × 10 −6 s (R = 0.99) for 3 ( Figure S4 ). To get further accuracy in these parameters, we then determined the optimum dc field accurately as described in the Experimental section, using variable field, fixed temperature, χ M " vs. frequency plots, and it was found to be 1000 Oe for 1 and 3.
Thus, frequency dependent out-of-phase susceptibility and Cole-Cole measurements for 1 and 3 were performed with 1000 Oe at frequencies ranging from 0.1-1500 Hz and at temperatures between 2 and 6 K ( Figure 4) . The Cole-Cole plots of χ M ' versus χ M " data showing semicircular profiles confirms a single relaxation process for 1 and two relaxations process for 3 (Figure 4c,d) . The second process in 3 is found to be temperature independent and this could be attributed to the relaxation via QTM. Fitting the temperature dependent relaxation data using CC-FIT program [20] allowed for the extraction of the relaxation times with the various relaxation processes (Figure 4e ,f) using the following equation [1/τ = 1/τQTM + CTn + τo−1·exp(Ueff/kBT)], where 1/τ QTM corresponds to the relaxation process via quantum tunneling pathway, the CT n term corresponds to the relaxation via Raman process, and the last term accounts for the Orbach relaxation pathway [21, 22] . The values obtained from the best fit are n = 7.1 ± 0.2, C = 0.157 ± 0.004 s −1 K −7.1 , U eff = 37.3 ± 1.5 K and τ o = 4.8 ± 0.02 × 10 −6 s (R = 0.999) for 1 and n = 8.0 ± 0.2, C = 0.058 ± 0.007 s −1 K −8 , U eff = 35.1 ± 2.3 K and τ o = 1.31 ± 0.04 × 10 −5 s (R = 0.999) for 3. A QTM relaxation time, τ QTM , of 0.04 s and 0.045 s are estimated for 1 and 3, respectively. At a field of 1000 Oe the relaxation is slower; thus, a larger effective barrier is obtained compared to the barrier at 2000 Oe and a reasonable pre-exponential factor (10 −6 and 10 −5 s) allows confidence in the extracted values for an SMM [3] . The U eff parameters revealed here are significantly smaller than the above-mentioned complex containing axially ligated phosphine oxide ligands (U eff~6 50 cm −1 ) [12] , coupled with the fact that slow magnetic relaxation is only observable in an applied magnetic field (fast quantum tunneling of the magnetization (QTM)), indicating the importance of the number and position of the phosphine oxide ligand(s) and possibly the choice of the "co-ligand" (see later).
Theoretical Studies
We have performed detailed CASSCF/RASSI/SINGLE_ANISO ab initio calculations to probe the electronic structure and magnetic anisotropy of the Dy III ions in 1-5 to account for the observed static and dynamic magnetic behavior. The results reveal the ground state Kramers doublet (KD) of complexes 1-5 has strong transverse components (g x , g y ), suggesting strong mixing of the wavefunction and thus not the ideal Ising type anisotropy desired for slow relaxation of the magnetization. This is, however, less so for complex 1 (see Table 1 and Table S4 ). This large transverse component in the ground KD indicates their inability to block the magnetization and therefore predicts an absence of SIM behavior at zero field. This supports the experimental observations in all complexes; however, all the eight KDs are found to extend over an energy gap of 333.1, 312.1, 368.0, 394.8 and 396.7 cm −1 for complexes 1-5, respectively (see Table 1 and Table S5 ). The ab initio computed magnetic susceptibility data ( Figure 3 -solid lines) are in good agreement with the experimental magnetic data, which discloses the consistency of the parameters extracted. In 1, the ground state g zz axis is found to be aligned towards the O-atoms of two TPPO ligands (see Figure 5a ) and this is preferably due to the shortest Dy-O (~2.29 Å) bond distances of the TPPO ligand compared to the Dy-O (~2.45 Å) distances of the (NO 3 ) − ligand. This can be ascribed to the oblate 4f electron density of Dy III , which prefers to locate perpendicular to the shortest Dy-O bond to avoid a strong electrostatic repulsion with the closest ligated atom. This results in the perpendicular orientation of the ground state g zz tensor with respect to the 4f electron density. This assumption has been further corroborated by ab initio computed Loprop charges (see computational sections), which reveals larger negative charges on the O-atoms (−1.06) of TPPO ligands, compared to the other O-atoms. This relatively large charge on the O-atom of the TPPO ligand is due to the fact that the donation of a lone pair from the oxygen to an empty Dy III orbital forms a coordinate bond. This in turn weakens the P=O bond, leading to a large charge polarization, with a residual positive charge on P and concomitant negative charge on the oxygen atom, reflecting a P + -O − scenario. This is similar to other reported complexes possessing the P=O coordinating moiety [12] . The presence of three TPPO ligands and a nitrate in the equatorial plane (~90 • to each other) enforces the rather strong equatorial ligation (shortest bond lengths, with the largest negative charges on the donor ligand atoms), which competes with the axial interactions of the two chelating nitrate groups (bond lengths of which are slightly longer), leading to a very small ground to first excited state gap and a significant transverse anisotropy. Desirably, for the Dy III ion, very strong axial ligands combined with no or extremely weak equatorial ligands lead to a very large ground-first excited state gap, but this condition is absent in all complexes (also see below). Thus, for 1-5, the calculations predict the absence of zero field SMM behavior due to the small ground-first excited state energy gap, combined with the large transverse component to the anisotropy. Calculations for 1 yield a ground to first excited state KD energy gap of 48.3 cm −1 ( Table 1 ). The experimental data reveals an absence of slow magnetic relaxation at zero field, which corroborates the above analysis; however, field-induced SIM behavior is observed, with a U eff of 37.3 K (25.9 cm −1 ). This value is smaller compared to the theoretical estimate. This may be associated with multiple factors such as (i) the ground state tunneling in 1 is still significant and this has not been factored in the estimated U cal value; (ii) as has been shown by some of us earlier, intermolecular interactions [23] and other effects play an important role in diminishing the U eff value; (iii) other possible relaxation pathways such as spin-phonon relaxation, which have not been taken into consideration.
For complex 2, the addition of a fourth TPPO ligand, in place of a nitrate, leads to four strong equatorial donations to the Dy III ion, with weaker axial donations by the two chelating nitrate ions. This leads to the stabilization of a rather hard-plane anisotropy. This ligand field is better suited for the prolate Er III ion, as for the Dy III ion, this configuration dramatically reduces the ground-first excited state gap (7 cm −1 , see Table 1 ) compared to 1. As expected for the hard-plane anisotropy, the g xx , g yy axes are found to point along the {Dy(O-P) 4 } plane, while the g zz axial direction lies along the two (NO 3 ) − ligands (Figure 5b) .
The geometry for 3 is like that for 1, except that the three nitrate ions have been replaced by three chloride ions. In 3, the ground state g zz axis is again found to be aligned towards the O-atoms of two TPPO ligands (see Figure 5c ) and this is preferably due to the shortest Dy-O (~2.29 Å) bond distances of the TPPO ligand compared to the Dy-Cl (~2.61 Å) distances of the Cl − ligand. The chloride ions are comparatively weaker ligands, with longer Dy-Cl bond lengths (2.61 Å), compared to the nitrate ions (2.45 Å). Thus, the equatorial position is comparatively better (3xTPPO and one Cl − ligand); however, the relatively strong axial repulsion exhibited by the nitrate ions in 1, is also replaced by the "weaker" Cl − ion. Therefore, this leads to a smaller ground-first excited state gap (30.5 cm −1 ) compared to complex 1.
Similarly, for 4 and 5, which contain four equatorial TPPO and two axial chloride ligands, the ground g zz is computed to be directed towards the O-atoms of two TPPO ligands (Figure 5d ). The Dy-O and Dy-Cl bond distances are found to be 2.24 Å and 2.62 Å, respectively, and the Loprop charge investigations reveal large negative charges on the TPPO O-atoms (−1.08) and smaller negative charges on Cl − ions (−0.83) (Figure 5d ). Thus, we observe a ground-first excited state energy gap of 31.7 and 31.6 cm −1 for 4 and 5, respectively (Table 1) .
To ascertain confidence in our computed energy barriers, we have constructed relaxation mechanisms for magnetization blockade for each complex ( Figure 6 ). In all cases, the ground state axiality is removed, leading to significant transversal matrix elements, resulting in large quantum tunneling of magnetization (QTM) processes (0.1, 3.3, 0.52, 1.4 and 0.7 µ B for complexes 1-5 respectively). The prominent transverse components in the ground KD destroys the SIM characteristics (i.e., promotes QTM). QTM can, however, be suppressed in the ground KD by the application of a static dc magnetic field to promote relaxation via excited states. Notably, however, the enhanced transverse first excited KD anisotropy components is maintained by large transversal moment matrix elements within the first excited doublets corresponding to Thermally Assisted-QTM (TA-QTM) processes (0.66, 3.3, 0.9, 3.1 and 1.1 µ B for complexes 1-5, respectively). The first excited states are lying at 48.3, 7.0, 30.5, 31.7 and 31.6 cm −1 above the ground state for 1-5, respectively ( Figure 6 ). Our wave function analysis confirms the ground KDs are mostly made up of the ±15/2 state with small contributions from other states for 1, 3 and 5. This allows the relaxation of magnetization to proceed via the first excited states and thus we see clear frequency-dependent χ M " maxima for these complexes (to a lesser extent for 5) upon application of dc field (2000 Oe) in the ac measurements. Elaborating the case of 3, the ground state axiality is affected by very large transversal elements (g x , g y = 0.14, 2.96) relevant to a large QTM process (0.52 µ B ) leading to a g z value of~17 for m J = ±15/2 ground state rather than the expected value of~20. Thus, we see that the ground state is strongly mixed with only 80% of the contribution arising from the 15/2 state and other states contributing to the remaining 20%.
In contrast, in 2 and 4, the ground KD is mostly mixed with all the m J states and this does not easily allow the magnetization to relax via the first excited state. Thus, we only observe out-of-phase susceptibility tail signals for 2 and 4 at the lowest temperatures achievable, even upon application of a dc field. Taking 2 for example, the ground state KDs suggest strong mixing of the wave function with other excited states and similarly the excited KDs are also found to mix strongly with other excited states, which is typical for TDD geometry.
The crystal field parameters are computed (Table S6) to provide further insights into the mechanism of relaxation (see Equation 1 in the experimental section). The probability of QTM is higher when the non-axial B q k terms (q = 0 and k = 2, 4) are larger than the axial (q = 0 and k = 2, 4) terms [22, 24] . For complexes 2-4, the non-axial terms are larger than the axial terms, explaining the computed transverse anisotropy and the corresponding QTM probabilities at the ground state. In the case of 1, the axial terms are moderately larger than the two non-axial terms, which overall leads to the presence of relatively weaker QTM process at the ground as well as the first excited state. In all five complexes studied, calculations confirm that relaxation occurs via the ground KDs, unless a static dc field is applied, due to the variations in the magnetic anisotropic properties (transverse components and QTM). Calculations reveal that complex 1 has the largest barrier (48.3 cm −1 , ground to first excited KD), with complex 2 displaying the smallest barrier (7 cm −1 ), while for 3, 4 and 5, the U cal values are intermediate and in the same range (30-32 cm −1 ). As ground state QTM is significant in 3-5, it is also important to take into consideration the QTM probability to explain the difference in relaxation times from complexes with similar barrier heights. If the probability is large, the field may not able to quench the QTM efficiently. For complex 4, this value at the ground state is extremely large (1.4 µ B , see Figure 6 ), followed by 5 and 3. Thus, a static dc field is expected to quench the QTM to the greatest extent in 3, followed by 5 and 4. Taking these points into consideration, one would expect the following trend for the slow relaxation 2 < 4~5 < 3 < 1. This is consistent with the fact that 1 is a superior SMM (larger barrier, least QTM probability), followed by 3, which has a slightly lower barrier. For 5, experiments reveal the maxima only at the very lowest temperature and this suggest that the barrier height is significantly small (likely less than 5 K) and this is followed by 4 and 2. Reassuringly, by taking into consideration the two parameters calculated, U cal and the ground state QTM probability, we see that they rationalize the experimental observations.
It has been reported that high symmetry environments (i.e., quasi-D 5h ) around the Dy III ion are preferred in order to exhibit very large anisotropy barrier heights [6, 12, [25] [26] [27] . We have therefore modelled two fictitious complexes related to this work, containing the TPPO and chloride ligands- The calculations again predict large transverse components and QTM values in the ground KD for the two model complexes, which is primarily due to relatively strong equatorial donation by the Cl − ligand (note four and five Cl − ligands are present in the equatorial plane, compared to complexes 1-5). Calculations suggest relaxation occurs via the ground KD (Table 2 and Figure 8) . However, the pseudo D 4d and D 5h symmetry in models a and b have increased the ground-first excited state energy gap to 49.1 and 61.4 cm −1 , respectively (Figure 8 ) compared to complex 1. Since the ground KD are mostly ±15/2 state with small contributions from other states, these U calc values of 49.1 and 61.4 cm −1 for a and b, respectively, can be easily achieved upon application of a dc field. The absence of zero field SMM character can be directly attributed to the unfavorable ground state KD g zz alignment along the Dy-Cl bonds rather than the shorter Dy-O bonds of the TPPO ligands [12] [13] [14] [15] . This is a consequence of the large number of Cl − ligands that would interact with the prolate Dy III electron density if g zz pointed along the desired Dy-O direction. We therefore find a combination of TPPO with (Cl) − or (NO 3 ) − ligands is unfavorable to design new SMMs. Our calculations, however, suggest some important points to improve the SIM characteristics: (a) it is an established fact that the oblate Dy III ion requires a strong axial ligand, but our calculations reveal that weak equatorial ligation is also an equally important criterion. For example, seven water ligands in the equatorial plane, with P=O ligands at the axial position possess blocking temperatures in the range of 7-12 K [12] . Replacing the equatorial Cl − /NO 3 − ions by a much weaker ligand is therefore a desired step; (b) With this is mind, substitution of the chloride by other halide ions such as iodide (longer bond lengths and more diffuse charge, therefore "weaker ligation") is perhaps the easiest choice available to incrementally improve the SIM characteristics in these systems; (c) Some of the systems studied clearly possess stronger equatorial ligation compared to axial interactions. This is particularly true for complex 2. In this case, these systems lend themselves to prolate ions such as Er III and would be particularly suitable towards SMM construction; (d) Despite strong ligation offered by the P=O bond, the number of TPPO ligands that coordinate to the Dy III ion makes a big difference for the observed magnetic behaviour. In all our examples, we find three or four "strong donor" ligands are not beneficial towards stabilizing an Ising type anisotropy. Thus, it is desirable to have much bulkier aryl/alkyl substituents on the phosphine oxide ligand to prevent the coordination of three or four ligands around a single Dy III ion site, ideally allowing the stabilization of a 2:1 ligand (phosphine oxide):metal ratio in order to achieve superior SMM characteristics.
Materials and Methods

Experimental section
All reactions were carried out under aerobic conditions. Chemicals and solvents were obtained from commercial sources and used without further purification. Elemental analyses (CHN) were carried out by Campbell Microanalytical Laboratory, University of Otago, Dunedin, New Zealand. 
X-ray Crystallography
X-ray measurements for 1-4 were performed using a Bruker Smart Apex X8 diffractometer (Bruker Pty. Ltd., Preston, Australia) with Mo Kα radiation. The data collection and integration were performed within SMART and SAINT+ software programs (Bruker (2012). Bruker AXS Inc., Madison, WI, USA), and corrected for absorption using the Bruker SADABS program (Bruker (2001) . Bruker AXS Inc., Madison, WI, USA). X-ray single-crystal structural data for 5 were collected on an Agilent Xcalibur diffractometer (Agilent Technologies, Yarnton, Oxfordshire, UK) equipped with a fine-focus sealed tube X-ray source with graphite monochromated Mo Kα radiation. The program CrysAlis PRO [28] was used for the data collection, cell refinement and data reduction. Compounds 1-5 were all solved by direct methods (SHELXS-97) [29] , and refined (SHELXL-97) [30] by full least matrix least-squares on all F 2 data. Complex 4 was treated by the "Squeeze" [31] program, the number of "squeezed" electrons per unit cell approximately corresponded to two molecules of water and two molecules of ethanol per complex. Crystallographic data and refinement parameters for 1-5 are summarized in Table S7 . Crystallographic details are available in the Supplementary Materials in CIF format. CCDC numbers 1840343-1840347. These data can be obtained free of charge from the Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif.
Magnetic Measurements
The magnetic susceptibility measurements were carried out on a Quantum Design SQUID magnetometer MPMS-XL 7 operating between 1.8 and 300 K for dc-applied fields ranging from 0-5 T. Microcrystalline samples were dispersed in Vaseline in order to avoid torquing of the crystallites. The sample mulls were contained in a calibrated gelatine capsule held at the centre of a drinking straw that was fixed at the end of the sample rod. Alternating current (ac) susceptibilities were carried out under an oscillating ac field of 3.5 Oe and frequencies ranging from 0.1 to 1500 Hz.
To get the optimal dc field of 1000 Oe in the ac studies, we focussed on the thermally induced relaxation pathway to estimate U eff . Taking the data for 1 as example (Figure 9 ), this corresponds to the peaks at higher frequency-the optimal field is that at which the thermally induced relaxation is slowest i.e., the field that gives the peak maximum at the lowest frequency. It is 1000 Oe for both 1 and 3. Figure 9 . χ M " vs. ac frequency plots for 1 at the indicated dc fields showing the optimal field of 1000 Oe. Note that the low frequency maxima in high dc fields is due to quantum tunnelling of the magnetisation and can be ignored.
Computational Details
Using MOLCAS 8.0 [32] , ab initio calculations were performed on the Dy III ions using their crystal structures. Relativistic effects are taken into account on the basis of the Douglas−Kroll Hamiltonian [33] . The spin-free eigen states are achieved by the Complete Active Space Self-Consistent Field (CASSCF) method [34] . The basis sets were taken from the ANORCC library for the calculations. We have employed the [ANO-RCC...8s7p5d3f2g1h.] basis set [35] for Dy III In the first step, we ran a guessorb calculation using Seward module to create the starting guess orbitals. Here, we included nine electrons across seven 4f orbitals of the Dy III ion. Using these guess orbitals, we chose the active space based on the number of active electrons in the number of active orbitals and carried out the SA-CASSCF calculations. Here, the Configuration Interaction (CI) procedure were computed for Dy III ion and considered 21 sextet excited states, 224 quartet excited states and 408 doublet excited states in the calculations to compute the anisotropy. All the excited states corresponding to each multiplets of ions have been computed in the CASSCF module. After computing these excited states, we mixed all the low-lying excited states (<50,000 cm −1 ) using RASSI-SO [36] module to calculate the spin-orbit coupled states. Moreover, these computed SO states have been considered into the SINGLE_ANISO [37] program to compute the g-tensors. The g-tensors for the Kramers doublets of Dy(III) were computed based on the pseudospin S = 1 ⁄2 formalism [37] . Crystal-field (CF) parameters were extracted using the SINGLE_ANISO code, as implemented in MOLCAS 8.0. The CF parameters for complexes 1-5 are analyzed for deeper insight into the mechanism of magnetic relaxation. The corresponding crystal field Hamiltonian is given in Equation (1):
where B q k is the crystal field parameter, while O q k is the Steven's operator. We used the Loprop charges to understand the direction of magnetic anisotropy which is a static property, which can be computed like a charge, a component of the dipole moment or an exchange-hole dipole moment [38] , is localized by transforming the property of two centers [39, 40] . The temperature dependence of the magnetic susceptibility is calculated in the temperature range from 0 to 300 K for all complexes and is tabulated in Table S8 .
Conclusions
A series of five mononuclear Dy III phosphine oxide/nitrate/chloride based complexes with different coordination environments was synthesized and theoretical studies were undertaken to understand how the coordination geometry/environment influences the SMM behavior. AC measurements show no SMM behavior in zero magnetic field, but display frequency dependent out-of-phase maxima for 1, 3 and 5 under an applied dc field and peak tails for 2 and 4, with no maximum. Ab initio calculations support the experimental predictions and suggest magnetic relaxation via the ground KD for each complex due to the presence of transverse components and QTM. Further calculations on modeled complexes a and b highlight the choice of ligands is of paramount importance when designing SMM type complexes. While it is common knowledge that the oblate Dy III ion requires strong axial ligation, our calculations reveal that weak or no equatorial ligation is an equally important design criterion. From the ab initio calculations several clues are obtained and discussed to improve the SMM characteristics for this family of complexes.
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